Despite the growing demand for emergency neurological evaluations and neurohospitalists, the supply of neurologists remains relatively fixed over time. Telemedicine is a unique tool that has the ability to put a medical specialist like a neurologist in 2 places in a relatively short period of time, expanding expertise in many rural and in some underserved urban facilities that would ordinarily be devoid of such expertise. Teleneurology is a branch of telemedicine that consults and practices through remote neurological evaluation. Telestroke is defined as remote stroke evaluation. The demand for timely neurological evaluation, especially acute stroke evaluation and treatment with intravenous recombinant tissue plasminogen activator (IV rtPA), continues to fuel the growth of neurohospitalists, telestroke, and teleneurology services. Remote, rural, or underserved urban emergency departments and hospitals which are unable to successfully recruit a neurologist or neurohospitalist to provide this service are uniquely suited to a teleneurology option. The number of private practices and academic centers providing telestroke services has grown significantly in the past decade with continued growth expected. We describe the benefits and drawbacks of teleneurology/telestroke, as well as other practical aspects for the teleneurohospitalist.
Introduction the future inpatient care gap, as well as the realities of the technological limitations and financial (business) considerations for practicing neurologists and neurohospitalists.
Future Neurohospitalist: Teleneurohospitalist and Telestroke Services
A teleneurohospitalist is a neurohospitalist who provides teleneurology services to an ED and/or a hospital located remote to their immediate geographic physical practice. Teleneurology is a subset of the larger practice of telemedicine, which uses real-time audiovisual communication to provide a doctor-patient interaction and evaluation suitable for medical decision making and recommendations. 11 Teleneurology represents a viable practice extension for a neurologist whether one is an inpatient specialist, that is, neurohospitalist or neurointensivist, or based in the outpatient setting. 11 Even though the focus of this article is primarily the inpatient setting, teleneurology literature has demonstrated feasibility in evaluating general and subspecialty neurology outpatients including those with dementia, headache, epilepsy, neuroopthalmological complaints, neuromuscular diseases, and Parkinsonism. Telestroke is a subset of teleneurology, which focuses on the evaluation of patients with acute stroke syndromes for possible intravenous recombinant tissue plasminogen activator (IV rtPA) administration or other emergency stroke treatments. Telestroke has developed rapidly and has accumulated a large body of evidence-based literature supporting its use in evaluating patients with stroke remotely. [11] [12] [13] [14] [15] Given the current high demand, based on job postings, 1,2 for neurohospitalists and neurological services at the hospital, we predict similar future high demand for teleneurology and telestroke services. Additionally, telestroke and teleneurology services reflect viable practice options not only for neurohospitalists but for other neurologists to help bridge the supply and demand mismatch between neurological expertise at the hospital and may even help provide financial support to a neurological practice's bottom line. 39 Further financial implications, as well as potential benefits to patients, the referring ED physicians, and the hospitals, are discussed below.
How Can Teleneurohospitalists Impact Patient Care?
The decision to treat patients with acute ischemic stroke in the ED or hospitalized setting with IV rTPA within 3 to 4.5 hours of symptom onset is an example in which having the neurological knowledge base and practice experience matters and results in enhanced quality care delivery and outcomes. In a survey of 278 ED physicians from 24 hospitals, 65% of physicians reported feeling uncomfortable giving IV rtPA without a consultation. 40 Despite Food and Drug Administration (FDA) approval of IV rtPA in 1996 for acute ischemic stroke, rtPA utilization rates in the United States remain low, with only *2% to 5% 41 of patients being treated despite their apparent eligibility for rtPA. 42 Telestroke/telemedicine data suggest that remote acute stroke patient examinations at rural hospital settings are feasible and have good inter-rater reliability compared to those of a face-to-face on-site examiner. [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] Teleneurology and telestroke do have certain barriers, legal issues, credentialing, and technical limitations that must be mentioned, however. 54 Barriers for setting up a telemedicine network for remote stroke evaluation include conceptual distrust among the referring hospital system (physicians, administrators, nurses, etc) and concern on the part of consulting neurological subspecialists unfamiliar with the sophisticated system that it may not provide a reliable and secure consultation portal. [54] [55] [56] [57] Over the past decade, the technological limitations have become increasingly less relevant in telestroke evaluations performed with a simple videoconferencing camera, a mobile iPhone Facetime evaluation, or when using a complex third-party robotic device that integrates videoconferencing with advanced optics and neuroimaging integration (albeit at higher costs). [57] [58] [59] [60] [61] [62] Figure 2 demonstrates some of the technical aspects of telestroke and teleneurology, in general such as the Robot and remote viewing of stroke imaging on a mobile device. Figure 3 demonstrates a telestroke robot encounter on a patient with a right middle cerebral artery territory infarction and drift of the left arm compared to the right which was dramatically improved compared to preintervention.
Telestroke has been shown in several clinical studies [64] [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] to have feasibility and safety, 65 acceptable inter-rater reliability of the virtual examination versus physical bedside examination, [65] [66] [67] increased thrombolysis treatment rates, improved clinical outcomes, [75] [76] [77] [78] [79] cost-effectiveness, 80 and enhanced opportunities for referring centers to gain stroke center designation status. 81, 82 Telestroke is particular advantageous to the rural, underserved ED or hospital, [83] [84] [85] [86] [87] [88] [89] [90] which may be challenged in recruiting specialists in relative short supply, including neurologists and subspecialists such as neurohospitalists, neurointensivists, and vascular neurologists.
Beyond Telestroke: Teleneurology at the Hospital
Telestroke remains one of the best studied and validated models for telemedicine. The utilization of a standardized examination such as the National Institutes of Health Stroke scale (NIHSS) with established inter-rater reliability when performed remotely has played an important role in the success of remote stroke evaluation. 91, 92 Standardized scales for examination of patients with nonstroke diagnoses or symptoms have yet to be developed. [93] [94] [95] [96] Remote evaluation does not allow the examiner to appreciate the differences in tone or reflexes that may differentiate between upper or lower motor neuron localization in a patient with bilateral leg weakness. The variability or distractibility that often accompanies functional signs may be difficult to appreciate with a remote evaluation. Although an experienced bedside provider working in concert with the teleneurohospitalist can elicit and improve interpretation of neurological signs, current technologies, even with expensive, commercial robots, do not provide the capability to examine patients the same way as a standard bedside neurological examination and tools in the outpatient setting. 96 Remote evaluation of patients in the ED and hospitalized setting via teleneurology has been shown to be feasible 95 and safe similar to telestroke. Similar to telestroke triage for stroke, one could envision rapid adoption of teleneurology to help evaluate patients without stroke such as encephalopathy or seizure disorders. In these cases, the history is critical to diagnosis and the neurological examination may be normala perfect scenario for effective utilization of remote telepresence technology. Headache disorders and symptoms affecting speech or language also have the potential to be effectively evaluated by a teleneurohospitalist. Teleneurology may be of particular value in underserved rural areas or in developing countries which otherwise would be without any neurological expertise, [97] [98] [99] [100] [101] [102] [103] [104] [105] [106] [107] [108] [109] and provides similar benefits of earlier evaluation especially of acute neurological disorders other than stroke, such as spinal cord injury 110, 111 and even epilepsy. 112 The critical care unit is another domain where robotic telepresence or teleneurology serves to monitor critically ill patients, evaluate unexplained coma, and respond quickly to unstable patients. [113] [114] [115] Table 1 demonstrates a comparison between the typical bedside or clinic neurological examination and the robot examination or teleneurology examination. Table 2 outlines in detail the cranial nerve examination performed via robotic/teleneurology versus that conducted at the bedside or in the clinic. The tables are provided as a general overview to the general practitioner to understand how the neurological examination is performed via telemedicine, since most practitioners know the basics of the comprehensive neurological examination. The telestroke examination typically uses the NIHSS, which can be augmented or supplemented by additional features displayed in Tables 1 and 2 if the patient is suspected to have a diagnosis other than stroke. Pupils, for example, can be assessed with a bedside pupil gauge 120 to measure size in millimeter (mm), and there are newer infrared computerized pupillometers ( Figure 4 ) that can measure the pupil size down to the sub millimeter range, can grade pupillary reactivity 116 undetectable to the naked eye, and can detect raised intracranial pressure 117 and other disease states. 118 
Business and Practice Implications of Telestroke and Teleneurology
Telestroke and teleneurology are potentially disruptive technologies in the sense that the innovation itself may create a new market or even overturn the existing dominant technology in the market over time. 121 Telestroke and teleneurology have shown rapid growth and require mutual adaptation within the existing technological, administrative, legal, and financial systems of health care delivery. The essential considerations for both hubs and spokes are (1) coverage and practitioner availability, (2) type, suitability, reliability, and security of the network and technology, (3) start-up and maintenance costs, (4) reimbursements for teleneurology services, 5) professional licensure requirements, 6) legal risks and professional liability, and 7) relationships and responsibilities.
Coverage and Availability
Coverage of an additional remote ED or hospital adds considerable work and time requirements to the on-call duties of any neurohospitalist or neurologist. There are several key considerations. The first is practice integration, or whether or not the accepting hub neurological practice can assume 24/7/365 on-call responsibilities for the referring center (ED or hospital), similar to physically covering call for that hospital or ED. For smaller neurology/neurohospitalist practices that cannot assume continuous on-call coverage, it may be worthwhile to consider waiting until that practice has enough partners to cover these services continuously. Another alternative is to tailor telemedicine coverage to spoke hospitals only for specific services (eg, acute stroke, paraparesis or quadriparesis, status epilepticus) or designated time intervals (eg, nights and weekends).
For example, several of the underserved communities for which the authors supply telestroke services have only a single neurologist. The community neurologist provides principally outpatient services during the day and arrives at the regional medical center later to conduct consults on inpatients, preferring not to take emergency calls after hours. This is not an uncommon scenario, nationally, when there is no designated call pay for stroke or other neurological emergencies. The local hospitals cannot, typically, obtain their primary stroke center designation due to these restricted staffing constraints. The addition of a telestroke service provided by Mayo Clinic neurohospitalist division made it possible to accommodate the referring hospital's ED stroke call coverage. The practice of covering stroke-only patients requires considerable planning, education, and establishing of protocols for ED physician and nursing personnel regarding telestroke hotline activation criteria. For example, some telestroke networks adhere purely to the 3-hour or extended 4.5-hour IV rtPA eligibility criteria to simplify triage for the local and referring teams, while others have been more inclusive to evaluate or make recommendations on patients with acute stroke within 12 or 24 hours of symptom onset. Obviously, the more restrictive the criteria the less likelihood of telestroke alerts or calls being activated. In this example, a patient who presents to hospital a day after the stroke onset is simply admitted to a medical hospitalist service and receives a routine physical consult the next day with the local neurologist. This allows a synergistic interplay between the virtual acute telestroke team and the local community practice neurologist. Additionally, the local neurologist, rather than the telestrokologist, can potentially be consulted for stroke mimic cases (eg, in instances of seizure and postictal hemiparesis). For rural areas without a local neurologist at all, those spoke centers may consider transporting the patient to the hub center providing the telestroke services for a more comprehensive neurological evaluation.
Type, Suitability, Reliability, and Security of the Network and Technology
The second major consideration in providing a telestroke or teleneurology service is the technology and network used to provide the service to the referring ED or hospital. The number of commercial vendors providing telemedicine platforms and networks for this technology has grown dramatically and is outside the scope of this article. The reader is referred to some online references 63, 123 to research the various robotic technologies and audiovisual conferencing technology, all of which is in constant flux due to the ever-advancing technology.
The American Telemedicine Association (ATA) resource 63 provided has a nice overview of such services, but the reader is advised that this site has both simple vendors for technology and full-service technological consulting firms. For example, if one is interested in starting a telestroke or teleneurology service but only needs the technology to do so, a simple digital audiovideo conference call camera, 59 the iPhone 4 for telestroke, 61 or more expensive (full service) robotic platforms are commercially available, such as the InTouch Health 60,62,123 platform or REACH platform. 62, 73, 124 The reader should be aware that although the ATA Web site is referenced as a simple overview site, some of the telemedicine resources listed there, such as Specialists on Call and Neuro-Call, also offer complete or full service teleneurology services. These corporations provide a complete clinical teleneurology service to areas in need, and not just the technology, as in the case of InTouch or REACH, for neurologists willing to interface with another hospital or ED.
Two issues to consider under the technological aspects are network reliability and security, the importance of which cannot be overstated. For example, the network used in performing an emergent stroke consult must be highly reliable, and the service should have rapidly responsive 24/7 on-call tech support in case the connection is lost. For example, while a basic webcam service is simple and low cost, and fairly feasible with modern day off-the-shelf USB webcams, the issue of who will be able to service that webcam or network 24/7/ 365 must be considered if it is unplugged, or if technical problems arise in the middle of the night during a consultation either remotely or locally. There are also security issues for physicians in terms of Federal patient health care privacy laws such as Health Insurance Portability and Accountability Act(HIPAA) over such a network, many of which are encrypted and secure using secure socket layer (SSL) or https encrypted services. 124, 125 Another consideration for telestroke and teleneurology is neuroimaging access, in particular the remote viewing of simple neuro-and more advanced neurovascular imaging of such patients. Some of these companies offer integrated picture archiving and communication system (PACS) at an incremental fee, 125 while other hospitals are able to grant similar remote (once credentialed) access to imaging similar to that provided to their local physicians, 126 which can then be accessed separately from the robotic or audiovisual telestroke or teleneurology encounter.
Start-Up and Maintenance Costs
A third major consideration is the costs of start-up and maintenance for telestroke and teleneurology services. What is the monthly cost for a fully serviced robot system from one of the commercial vendors? 123 Prices will vary based on the vendor, but one high-end estimate (in 2011) is between $5000 and $6000 per month for a single hospital mobile robot system with 24/7/365 network on-call coverage, with integrated security socket platform. There is also typically a large telemedicine base station installed that may cost in excess of $10 000. Additional fees may apply, depending on the integration of PACS imaging and other software upgrades. Other emerging technological advances include lower cost systems, 126 personal digital assistant (PDAs), 127 the iPhone 4 Facetime platform, and other smartphones 61, 128, 129 with or without integrated imaging or PACS ( Figure 2B ). Validation of these PDA systems in relation to the other larger, more expensive systems utilized in the majority of telestroke literature remains lacking, and the above references provide proof of concept in terms of weighing all the options for one's own telestroke or teleneurology program.
Reimbursements for Teleneurology Services
The fourth consideration for providers interested in telestroke and teleneurology is reimbursement. Reimbursement is highly variable depending on the health region or system for which telestroke or teleneurohospitalist services are being provided. Private hospitals, for example, may reimburse an academic or private practice telestroke/teleneurology system at a flat rate per month, with additional reimbursements for start-up costs involved in setting up the local and remote PACS security networks. Again, private entities such as Specialists on Call and NeuroCall are examples of corporations that leverage their services to EDs and hospitals in need in the United States. Other academic and private systems that offer these services to surrounding EDs and hospitals in need have reimbursements which are highly individualized based on the referring hospitals financial status (private vs indigent state institution) and their ability to afford or pay the referring service. Other telestroke or teleneurology systems may charge the patient, a method complex in and of itself due to variations in ED and hospital patient payer mix and percentage of Medicare patients, among other variables. Medicare currently reimburses telemedicine services in some but not all states, and the amount of reimbursement varies. Detailed reviews of reimbursement complexities for telestroke services have previously been published, 14 which covers Medicare reimbursement in greater detail. Some hubs (telestroke or telemedicine centers) receive a flat monthly rate from the referring spoke telestroke/teleneurology hospital directly which encompasses all encounters requested monthly, while others may charge services depending on volume ( Table 3 ).
Professional Licensure Requirements
The fifth major consideration is licensure of the telestroke or teleneurology physicians at the hospital or ED for which they are providing services. [12] [13] [14] Hospital licensure depends on the composition of the local hospital administrative board, the credentials of the physicians being credentialed, and whether the hospital in question is within the same state as the physician's state license. If the services are being provided in a state or country different from that in which the physician is licensed, the physician is typically required to obtain an additional license to practice medicine or the particular subspecialty, according to the state's or country's own requirements.
After that process is approved, usually the local hospital or ED can initiate the local credentialing and licensure process.
Legal Risks and Professional Liability
The final issue is that of litigation involving telestroke or teleneurology service providers. From the American Heart Association/American Stroke Association Scientific statement on implementation of stroke systems of care from 2009, Schwamm et al write, ''Ironically, the available evidence concerning litigation involving stroke therapy with tPA indicates liability is predominantly associated with failure to provide tPA rather than with adverse events associated with its use . . . .'' 12 Regarding telestroke programs, there has been no specific evidence thus far to suggest that providing telestroke consultations increases the risk of malpractice claims compared to the risk of providing local consultations for the treatment of acute stroke patients. Providers should note that they might be vulnerable to legal action in both the originating state where the telestroke patient was located at the time and the state in which they provided telestroke consultative services. [12] [13] [14] A very important issue for telestroke providers to remember is that when thrombolytic therapy is being considered in terms of acute stroke patient, the team of neurologists, ED physicians, and hospitals are at increased liability whether or not the decision is made to give tPA; and according to one study, 130 the clinical decision not to administer the therapy Timely access 4, 105 Costs (start-up and maintenance) Improved IV-rTPA utilization rates Need for 24/7/365 coverage ED recognition of neurological disorders 99, [109] [110] [111] [112] Network/technical/security issues Helpful in rural and underserved areas 81, 82, 105 Competition vs locum tenens Potential for practice supplementation Additional call responsibility requires detailed documentation of such rationale in the medical record. It is also suggested that informed consent discussions be documented (although not necessarily with a formal, written consent) and that timely transfer to a higher level facility be made, especially if there is a potential for salvageable intervention (eg, to a facility with a neurosurgeon if one does not exist at the spoke site) to help reduce the threat of legal action. Since telestroke services may actually increase the administration rates of rtPA at the spoke hospital, providers at both the spoke and hub should document the appropriate reasons why or why not rtPA was given to reduce medicolegal liability exposure, as well as effective communication among all telestroke team members.
Relationships and Responsibilities
Rules, principles, and contractual agreements should govern the services and interactions between teleneurohospitalist providers (at the hub hospital) and recipient referring clinical providers (at each spoke hospital). Agreements should address assignment of costs, compliance with government boundaries and noncompete relationships, medicolegal risk, malpractice coverage, sharing of protected health information, administration, licensing and credentialing, reimbursement for professional fees, expectations on both ends, protocols, care algorithms, education of providers, and roles and responsibilities.
Concluding Comments and Future Horizon
Telemedicine, telestroke, and teleneurology will continue to advance due to improvements in technology (more compact and faster), thereby enhancing the ability to perform remote patient assessment with smaller and more handheld devices over faster data and cellular data networks. 131 This will enable more subspecialists to help underserved and rural hospitals in need of subspecialist expertise. The future for telemedicine includes the involvement of other providers such as advanced nurse practioners 132 and the provision of additional educational framework for teaching neurology in other countries. 133 From the business side, telestroke and teleneurology offer an opportunity for neurohospitalists or teleneurohospitalists to expand their practice reach and to serve more patients. More research is needed in teleneurology with regard to other aspects of care, including a systematic review of the literature supporting the reliability, safety, and efficacy of telemedicine adapted to all the subspecialties of the clinical neurological sciences, the reliability of various components of the teleneurological examination typically performed by the neurologist at the bedside, patient-caregiver satisfaction, resource information, 134, 135 the extension of technology into the neurological examination such as transcranial Doppler for stroke patients, 136 telemedicine-facilitated recruitment of patients into acute stroke treatment trials, 137 and further elaboration on which platforms meet FDA regulations. 138 Further technological innovations in telestroke and teleneurology will make it easier and more efficient for neurologists to evaluate imaging and patients via videoconferencing, even across continents.
